In this paper, the maintenance store in a hospital is going to be designed. For the calculation of the criticalness of the spare parts, the critical equipment multicriteria classifying method has been used. This method has been made more specific with the addition of decision criteria and their levels for the needs of a new hospital. This study will classify the spare part as normal, emergency or not storable, which will determine the stock management model to be used: the fixed order interval model or immediate replacement. The initial charge, average monthly consumption and the time needed for the replacement will be calculated for each spare part. The results obtained will ensure maximum availability, will enable the amount of stored spare parts to be kept to a minimum and will ensure a correct response as regards the critical elements of the facilities and medical equipment.
Introduction
The costs of the maintenance department of a hospital currently take up between 3.5% and 5.5% of the total budget. The variable nature of these costs has a relation with the technological level, investment plans to renew the installations, equipment and structure, organisation and management features, the level of externalisation or subcontracting of maintenance activities, and managers' involvement in quality policies (Vich, 2006) .
The consumption of spare parts in the maintenance department consists, in turn, of between 18% and 20% of the above mentioned percentage (this figure was generally around 40%), due to a considerable increase in specific maintenance contracts, where the costs of used spare parts are already included. However, the cost of spare parts is still a large percentage of the total expense. Any malfunction or lack of availability of the equipment or installations may involve not only an economic cost resulting from agreement with private health centres to meet the established deadlines, but also losses of image and confidence in the state health system on the part of the population that it serves (Gómez, 1994) .
Therefore, it becomes necessary to optimise the storable spare parts in order to obtain maximum availability, minimum stoppage time and a suitable response to critical elements of the installations and medical equipment. The replacement of the medical equipment is intended for elements in first level operations, which require little qualification in their installation. This is due to the fact that the amount of spare parts required, the storage costs and the qualification necessary for breakdown repairs are not profitable; thus the technician himself provides the specific spare part, and in many cases, it is necessary to wait for the latter to be imported, and so the loss of availability must be analysed from the point of view of maintenance type, technical specifications of contracts or any other measure not related to storage.
On designing a maintenance plan, we intend to make sure that the equipment will work properly in order to achieve maximum availability, as well as maintaining its functional conditions suitably and increasing the safety of the installations (Gómez de León and Ruiz, 2006) .
To carry out an operational and efficacious maintenance plan for a new hospital, it is essential to know the features of the equipment and installations. Therefore, first of all a study of the latter is going to be made in order to obtain the information necessary to determine the viability of each of the measures to be applied.
An important step in this study is to determine the criticalness of each piece of equipment and installation, that is, to establish what importance their availability has in the functioning of the hospital. This analysis becomes more complicated as the number of pieces of equipment and the relation between them increase.
Therefore, information about spare parts recorded in the database of the maintenance department of a hospital will be used. This study will classify the spare part as normal, emergency or not storable, which will determine the stock management model to be used as the case requires: weekly servicing and by immediate replacement. The initial charge in the store will also be calculated for each article, according to the previous classification, its average monthly consumption and the time needed for the replacement of the spare part.
The analysis carried out at the new hospital is made up of the following phases:
1 analysis of the installations to be maintained, which aren't covered by a contract with integral maintenance (subcontracting) 2 division of the type of spare part by activity 3 analysis of the consumption record of the new hospital 4 attainment of the criticalness level for each article obtained in 3 5 establishment of the initial charge of the store, stock level and stock management.
Section 2 exposes a literature review about the subject analysed in this paper. In Section 3, characteristics of the case study and considerations related to the historical analysis of the hospital are explained. In Section 4, the procedure for the attainment of the criticalness level of the maintenance spare parts and the results of the application of the model with the initial load and the required level of stock are shown; the conclusions are given in Section 5 and the bibliography is in Section 6.
Literature review
Multicriteria techniques have made an important contribution in the maintenance area. As is explained in Almeida and Bohoris (1995) , complex criteria very often need to be considered in maintenance decisions for a set of competing alternative solutions. In Triantaphyllou et al. (1997) , there is an example with a multicriteria methodology and sensitivity analysis when dealing with complex maintenance multicriteria decisionmaking problems. Bevilacquaa and Braglia (2000) apply the analytic hierarchy process (AHP) to select the best maintenance strategy for an Italian refinery with an integrated gasification and combined cycle plant. A criticality index is designed to classify the machines into three groups, ranging from the group where a failure may lead to serious safety problems or production losses to the group in which failures are not relevant. Kodali and Chandra (2001) use the AHP to justify the application of total productive maintenance (TPM) in Indian industries. Emblemsvag and Tonning (2003) identify the preferred maintenance policies for one specific weapon used by the Norwegian Army by means of AHP. In this case, four maintenance echelons are considered, and Monte Carlo simulations are used to evaluate the strength of the decision. In Carnero (2005) , a model that carries out decision making in relation with the selection of the diagnostic techniques and instrumentation in predictive maintenance programmes is described. The model uses a combination of tools belonging to operational research, such as AHP and factor analysis. In Carnero (2006) , an evaluation system that carries out decision making in relation with the feasibility of the setting up is described. The evaluation system uses a combination of tools belonging to operational research, such as AHP, decision rules and Bayesian tools.
In the specific subject of spare parts in maintenance, the following contributions can be highlighted. In Knezevic (1995) , a statistic model is developed to select the most suitable spare parts for planned maintenance activities. In Dohi et al. (1996) , there is an ordering policy in which an ordered spare is put into the inventory when it is delivered after the lead time if an original unit is still operating, and the original one is replaced by the stocked spare when the former passes a prespecified time. Applying the criterion of expected cost per time unit, the optimal ordering policy which minimises cost is obtained. In Kabir and Al-Olayan (1996) , a so-called stocking policy has been created for joint optimisation of age replacement and spare supply. It combines age replacement policy with continuous review inventory policy. A simulation model has been developed to determine the optimal values of the decision variables by minimising the total cost of replacement and inventory.
In Ghodrati and Kumar (2005) , a model is created to determine the number of required spare parts with regard to the effect of external factors on the reliability characteristics of components. The model is verified by calculating the number of spare parts used on a load-haul-dump machine as non-repairable components. In Vaughan (2005) , there is a dynamic programming characterisation for a spare parts ordering policy in which demand for spare parts arises from two sources: random failure of units in service and replacement associated with preventive maintenance intervals. In Ghodrati et al. (2007) , a risk analysis is carried out through a new and non-standard event tree analysis. In the estimation obtained from the event tree, the accurate amount of support and spare parts needed for any machinery can be obtained. Finally, in Kennedy et al. (2002) , a survey of literature on spare parts inventories can be checked. However, only in Braglia et al. (2004) , multicriteria techniques have been applied to maintenance spare parts to obtain a classification. In this contribution, inventory constraints, costs of lost production, safety and environmental objectives, strategies of maintenance adopted and logistic aspects of spare parts are the criteria considered to obtain a spare parts classification. A decision diagram is integrated with a set of AHP models used to solve the different levels/nodes of the decision tree. An inventory policy matrix is defined to link the different kinds of spare parts to possible inventory management policies so as to identify the optimum control strategy for spare stocks.
Consequently, although multicriteria techniques have been extensively applied in the selection of the most suitable maintenance policy for each machine, this type of technique has only been applied to spare parts by Braglia et al. (2004) . In the case of Braglia et al. (2004) AHP was applied and the aim was to link the different classes of spare parts with the possible inventory management policies, whilst this case study applies the methodology of critical equipment multicriteria classifying method, due to this method being considered more objective as it is not necessary to carry out judgments by means of pair comparisons in the decision centre. Moreover, in this case study, the inventory management policy had already been established: the fixed order interval model and by immediate replacement, due to the operating characteristics of the maintenance department, the objective being to establish the optimum quantities to be ordered.
However, the number of contributions in relation with maintenance in service industries, and especially in the maintenance spare parts subject, is almost non-existent. These deficiencies are even more evident in hospitals, where maintenance efficiency has an influence not only on machines but also on people, by influencing the quality of the patients' welfare service directly.
In this article, the maintenance store is going to be designed from the results obtained from the criticalness analysis. The methodology of critical equipment multicriteria classifying method (Gómez de León and Ruiz, 2006) has been used for the calculation of the criticalness of the spare parts. However, the decision criteria used in this article are different to those used by Gómez de León and Ruiz (2006) due to the fact that what is being evaluated is the criticalness of machinery, mechanisms, working devices or control instruments and as a result the criteria mean time to repair or mean time between failures are used which it would not make sense to apply to spare parts. In the case study presented in this paper maintenance spare parts are analysed and therefore the decision criteria that have been established are specific to the hospital needs, as are the levels defined for each criterion. The values of the criticalness index which define each type of spare part have been established for this case study and are based on the experience of the decision centres. Furthermore, whilst the article of Gómez de León and Ruiz (2006) concludes with the association of a maintenance policy according to the value of the criticalness index, in our case, it is the initial charge and stock level for the different types of spare parts that has to be calculated and it is therefore necessary to identify the type of inventory management model to be applied in order to calculate the expected demand during the protection interval and the safety stock which together with the desired service level make it possible to calculate the amount to order.
Characteristics of the case study
The General Hospital of Ciudad Real is located in the region of Castilla-La Mancha, Spain and is a new hospital that began operating in 2006. The hospital serves 330,000 people, providing medical attention to 84 local populations.
Ciudad Real General Hospital is a building with a horizontal distribution, where the stores can be found in a bay at one end of the grounds. This means going 500 metres at the most, which makes it unviable to have only one centralised store, both for sanitary products and for maintenance, due to the fact that too much time is wasted on going from one place to another.
For the supply of maintenance spare parts, a model is established at two levels: the centralised store and a secondary store located in the maintenance workshops, which are situated roughly in the middle area of the building. It is from here that the difference spare parts are supplied, in order to deal with work orders, divided between the following areas:
• operating areas, intensive care and casualties
• central service areas: radiology, special tests, nuclear medicine and radiotherapy
• hospitalisation and out-patient surgery
• outdoor areas and central installations.
Exits from the maintenance store are made through the store module of the computer aided maintenance management system (CAMMS) of maintenance, so that each spare part will be allocated to a work order. The intranet network of the hospital is connected to the main purchasing and storage system through the store module of the CAMMS, and so all information can be exchanged. This module does not include spare part management, which comes under specific management in the supply and store department, which basically involves:
• transfer of data from the work order management module when the orders close
• requests for materials either by purchases in the case of non-storable material or otherwise by replacement from the store • enquiry about any spare part used by the maintenance service
• identification of spare parts.
All spare parts must be identified, and so a bar-coded adhesive label system will be used; for the other identifying details, the corresponding stands, either in documents or by computer are used.
Both specific features to be considered for the storage of elements which are applicable to a maintenance service and the peculiarities which are typical of hospital installations such as the hospital being analysed, have been taken into account in the matter of the design of a maintenance store and more exactly, applied to a health centre.
A database in real time for used spare parts was created when operations began in the hospital. All the calculations given in this article have been made on the basis of the list of spare parts. Therefore, the results obtained in this study are more suitable and to determine the design of the store, data resulting from forecasts always include a certain degree of error, so data resulting from operations with real values has been used. The study of consumption and the classification of the maintenance spare parts in order of importance have been made from this information. First of all, a classification of types of spare parts has been carried out, as shown in Table 1 . In order to establish the most suitable policy for acquiring spare parts, different variables have to be taken into account:
1 Criticalness of the equipment: a Emergency spare part. Those belonging to critical or vital equipment or facilities and which if not available could lead to a general halt in activity and its consequent effect on the patients. b Normal spare part. These must be replaced within a limited time in order to avoid serious complications which could lead to a critical situation. c Not storable. In this case, the spare part is not necessary for the normal functioning of the activity, although if it were unavailable for a lengthy period of time it could lead to deterioration in the activity.
2 Supply time: a Immediate. The supplier guarantees immediate supply as would be the case if the spare part were available in the general storeroom of the hospital. b Medium. This is considered to be no longer than a month and the following values are established: less than a week, less than two weeks, between two weeks and a month. c Long-term supply period. This includes all the spare parts whose supply time is more than a month and up to a maximum of three months.
3 Spare parts cost. The storage policy for spare parts with a high cost must take into account several considerations, such as increasing maintenance with reliability centred maintenance, total productive maintenance, predictive maintenance or by limiting the time of supply practically to immediate supply at the moment in which the system or equipment is acquired.
The following features of the spare parts analysed should be taken into account:
1 There is a great variety of spare parts and the distribution of their costs and demand can be seen in the ABC classification in Figure 1 (see Duffuaa et al. 1999 for definition).
2 The lifespan of technology of equipment and installations is five and ten years respectively which means that a conservative replacement policy should be applied, particularly regarding the progressive adaptation to new spare parts, whist at the same time avoiding residual elements. Once it has been decided which spare part needs to be stored, it is necessary to decide how to manage the orders, that is to say how many of and how often should the spare part be ordered. The aim is to optimise costs and the capacity to meet the demand. Different techniques exist for the management of inventories and these can be classified as: deterministic, probabilistic and in time. The probabilistic techniques are the most appropriate for a hospital maintenance storeroom as a maintenance storeroom makes global previsions involving a certain degree of uncertainty, a high degree of randomness as regards demand and a seasonal variation for some spare parts. Appendix A gives the data for the spare parts family of loudspeakers, filters and operating theatre lights.
Empirical analysis

Attainment of the criticalness level
The critical equipment multicriteria classifying method (CEMC) (Gómez de León and Ruiz, 2006 ) enables a numerical value named criticalness index to be obtained for each piece of equipment, installation or spare part which is to be considered. This index is calculated by taking into account different criteria which are important for the activity, and a balanced weight is assigned according to the relative importance of each one. Determining the weight is a difficult task since there is not usually unanimity among those responsible for maintenance when it comes to fixing the preferential relation of the criteria.
The phases of the classifying method of the articles according to their criticalness used correspond to those shown in Gómez de León and Ruiz (2006) . This method is normally used to classify equipment and installations in order of importance; it has therefore been necessary to specify this methodology for the objective case study of the present article, which is the spare part ranking, as it is a basic aspect in the optimisation of the store design.
To take decisions regarding how to determine criteria and their corresponding weights, as well as the intervals stipulating the different categories of articles, it has been necessary to hold a number of meetings twice a week for two months, with the manager of Maintenance Department (the decision-making centre) on the hospital premises. The decision centre determined the criteria and suitable considerations for each spare part at these meetings.
Some scale levels have been set within each decision criterion. It is recommendable to refer the numerical valuation to some characteristic value in order to standardise the results.
Thus, the criticalness index obtained will be a value located between zero and 100, and is finally obtained on applying the equation (1). 
where n is the number of criteria, p i is the weight of each criterion, with the same scale for all of them and n i is the criticalness levels for each criterion. The decision thresholds to be considered can be established in relation with the value obtained from I c.
Table 2
Criteria and weights
Very important
Important Normal • The extent to which activity in the Hospital is affected by the fact that the maintenance spare part does not exist.
• The moment when the need for the maintenance spare part is noticed.
• Functional system of equipment or installation.
• Potential risk for users or professionals, should the maintenance spare part not exist.
• Number of users who will be affected.
• Installation elements which may be affected.
Criteria
• Spare part supply time.
• Cost of the spare part.
The decision criteria are shown in Table 2 (see Appendix B for the definition of the scale values which have been considered in each criterion). The weight of the criteria is established by means of an interview held with those in charge of maintenance, with a valuing scale ranging from 1 to 3, in which 1 is normal, 2 is important and 3 is very important. Table 2 shows the values obtained from each criterion with their corresponding weight. In order to obtain I c , first of all each spare part is submitted to the eight criteria and a list of values is obtained for each element, named criticalness vector, where the meaning of each value n i of the vector is the criticalness level calculated according to the corresponding criterion i, following the order of the list of criteria. This is carried out by means of an interview with those in charge of maintenance of the hospital and for each spare part.
Three types of spare parts are defined in relation with the value of I c :
1 emergency spare part. For I c > 75, an amount of fixed spare parts which guarantees a 100% contingency level is considered 2 normal spare part. For 10 ≤ I c ≤ 75, conventional storage is established 3 for I c < 10, storage is not considered necessary.
These criticalness index intervals have been established at meetings held with the decision makers. In their opinion, these values are the ones which best represent the spare parts from the store and, this has later been proved by the results obtained from the application of the CEMC. For the emergency spare part, an initial charge of 100% of a considered unit is established, increased in the same amount in order to have coverage guaranteed until its supply, in case of failure.
The results obtained from the application of the multicriteria method CEMC are given next, and are structured by families of spare parts from the maintenance store of the hospital. The results obtained for the spare parts of machines and operating theatre lights are shown in Tables 3 and 4 . The values assigned for each spare part by criterion and the criticalness index obtained can be seen in these tables; the latter value determines their classification as a normal, emergency or non-storage spare part.
As can be seen, the criticalness index values obtained for all the spare parts of machines are situated between 10 and 75, and therefore they are classified as normal spare parts. The level of importance of the outlets of medicinal gases must be emphasised, because although they do not reach an emergency criticalness level due basically to the short supply time, special attention is required as regards the tracking of the suppliers.
The main feature of normal spare parts is that orders will be made each week in the amount which is obtained from applying the inventory model to be used.
The importance of the operating theatre lights is appreciated in the results obtained. The criticalness index is very high in any spare part, and the emergency spare part is the lights named Trumpf, which are located in the Endoalpha 6 and 7 operating theatres. For I c > 75, a fixed spare part amount to be stored which guarantees a 100% contingency level is considered. In the other elements, storage will be normal, determined by its monthly average consumption, corrected according to the inventory model used, which is checked frequently.
In the case of the loudspeaker elements, five elements have been identified as emergency spare parts by their criticalness index (the elements with references 130.1101, 125.8600, 125.8400 SE and 1.255.500 in Table A .1). In the interviews held with those in charge of hospital maintenance, where the results were evaluated and conclusions drawn, attention was drawn to the importance of the spare parts for the loudspeaker system for hospital admission, as this method of communication between the medical staff and the patients' rooms is on numerous occasions a key factor in the successful intervention of medical staff in a case of emergency. Therefore, and in view of the results, we can confirm that the method has correctly classified these spare parts.
The percentage breakdown of the spare parts in the maintenance store is shown according to spare part type in Figure 2 . It can be seen that the largest areas correspond to spare parts for lighting, carpentry and electricity in this order. Loudspeaker and filter articles make up 3% and 4% of the spare part total respectively. However, their importance in the availability of the equipment and installations of the hospital is shown in the criticalness index obtained, and consequently in the classification as emergency spare parts. Emergency spare parts are those which belong to equipment or installations considered critical or vital, and therefore their lack of availability may cause general stoppages, as well as causing great inconvenience to activity, and consequently to the patient. In this case, it may even be interesting to consider replacing the broken-down installation or equipment with a reserve one which needs practically no exchange time at all, so that repairs can start immediately. The absence of spare parts for painting in the warehouse is also shown, since according to those in charge of the hospital maintenance they are perishable products in the short or medium term, and they risk storage as they contain highly inflammable dissolvent. In this case, the spare part is neither essential nor necessary for the normal functioning of activity, although its absence for long periods of time may result in the latter suffering deterioration. Figure 3 shows how the spare part from the maintenance store is allocated to a category. Table 4 Results of I c for spare parts of operating theatre lights
Although the percentage of emergency spare parts is not significant vis-à-vis normal spare parts, their cost is 15% to 20% of the total storage cost. From analysing these details, it can be concluded that they coincide with an ABC classification in linear proximity. Figure 3 How the spare part from the maintenance store is allocated to a category
Normal spare parts 96%
Emergency spare parts 4%
Initial charge and stock level for normal and emergency spare parts
The fixed order interval model is applied to the normal spare parts. In our case the inspection period is weekly.
The fixed order interval model is applied when orders are placed at fixed time intervals. As is described in Stevenson (2005) , stockout protection for lead time plus the next order cycle is required. To establish the order size in the fixed interval model, the following aspects must be calculated.
The expected demand during the protection interval μ OI + LT is calculated from equation (2). The safety stock S is derived from equation (3).
where, σ d = standard deviation of demand z = number of standard deviations.
The model generally assumes that any variability in demand can be adequately described by a normal distribution. The value of z depends on the stockout risk that can be accepted. Therefore, the value of z can be obtained from a desired service level. The amount to order Q is obtained from equation (4) (Stevenson, 2005) .
Where A is the amount on hand at reorder time.
In the case of the hospital, the fixed order interval model is applied in relation with a weekly fixed time interval.
The inventory initial charge level resulting from the equation (5) is considered for a normal spare part.
As the inventory level and checking period do not exist in the initial charge, the equation (6) is obtained.
Where LT is the value obtained in criterion 8 (spare part supply time), in months, μ LT is the average consumption in period LT, σ LT is considered a standard variation in all the articles equivalent to the average consumption corresponding to the guide period, z is obtained from the normal standard distribution table, considering a service level α = 0.95, and the result is a value of 1.645. The normal machine spare parts with the initial charge levels are shown in Table 5 .
As an example, the calculations made for the element Super lube 100 oil belonging to the family of mechanical spare parts are shown; for the equation (6) and the result obtained previously for a service level of 95% (z = 1.645) and taking into account the data in Table 5 This value must be rounded up to the nearest unit (2) as the number of initial units of the spare part needed in the inventory must be a whole number. These values appear in the last column of Table 5 . These values represent the quantities to be included in the weekly orders.
All the spare parts relating to mechanical elements are normal, and therefore conventional storage will be established for them. The function of store management comes to an end when the stored articles become ordered; from this moment onwards, responsibility is transferred to the process of order management and distribution. The initial charge has been determined statistically according to criticalness, supply time and monthly demand of each element, so that the objectives of any storage system are fulfilled: speed of delivery, reliability, reduction of possession costs and order launching, maximisation of the handling and transport operations.
The immediate replacement model is applied to the emergency spare parts. For the emergency spare part, an initial order of 100% of a particular spare part is established. That means that the initial order is the same as the average monthly consumption. The same amount is increased in order to have coverage guaranteed until its supply, in case of any failure; this quantity corresponds with the stock.
The needs regarding initial charge and stock for an operating theatre light emergency spare part are established in Table 6 . The initial charge and stock for a filter emergency spare part are shown in Table 7 .
Similar analysis has been developed for all the spare parts families shown in Table 1 . Table 5 Normal mechanical spare parts 
Conclusions
The Ciudad Real General Hospital is a new hospital belonging to the Spanish National Health Service and regulated by the Regional Government of Castilla-La Mancha. The maintenance store described in this article has been designed by means of a multicriterion method on the basis of a criticalness analysis. In order to do this, decision criteria have been defined in relation to the needs of the hospital, levels associated to each criterion have been drawn up and the criteria have been weighted after meetings with the hospital decision centres; as a result, a criticalness index has been obtained for each spare part enabling its classification as normal, emergency or not storable. An inventory management model is associated to the spare part in accordance with its classification: set weekly inspection or immediate replacement. The initial quantity needed of each spare part in the storeroom has been calculated taking into consideration its classification, average monthly consumption and its supply time.
As a result of this study, it has been possible to optimise the management of maintenance spare parts in the hospital, leading to the increased availability of medical facilities and equipment, improved security and a higher quality maintenance service. These improvements which would be considered important in any manufacturing enterprise are vital in a hospital where any improvement can have a positive effect on the treatment received by the patients and therefore on human life. 
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